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A Study on Response Time Delay and Tracking Error
Suppression Strategy in Gear Mechanism : Control
System Design Approach
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Abstract: The aim of this paper is to solve the chattering and delayed response problems caused by

gear backlash. In the gear mechanism based systems, for example, in robot systems, the actuators

provide the reduction gear with motors to transfer effectively electric power to mechanical power.

Therefore, the gear backlash exists and is an unavoidable fact which makes many undesirable problems.

In this paper, the authors try to make a solution for this issue and, introduce several control methods

which are PID only, PID with Smith predictor and super-twisting algorithm based SMC(sliding mode

control). Each control method is applied to the real plant in which strong backlash is included. By

comparison results, it is clear that SMC gives the best control performance with little backlash effects.

Also, the usefulness and effectiveness of proposed control method is verified by experiment.

Key Words : Chattering, Gear backlash, Time delay, Smith predictor, Control performance, Super-twisting

algorithm, Sliding mode control
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Fig. 1 Actual model of robot arm
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Table 1 Specification of the actuator system
Items Parameters Specification
Input Voltage 12 [V]
Motor Rated current 9 [A]
Rated speed 3000 [rpm]
Rated power 120 [W]
Reduction Reduction rate 120 : 1
Gear
. 3000
Encoder Resolution [pulse/revolution]
Allowable
Motor Voltage 12-28 V]
drive Allowable
Current 12 [A]
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Table 2 Fitting ratio of various robot arm models
for real plant

Model Fitting ratio (%)
1 pole 80.48
2 poles 81.03
3 poles 81.88

IControl Input [V]

1 i i
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10 20

0
Time [s]

Fig. 2 Input signal used to identify the robot arm model
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Fig. 3 Rotation angle as output signal used

identify the robot arm actuator system
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Fig. 4 Comparison results (experiment and simulation)
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Fig. 5 Block diagram of time delay compensation

system with Smith predictor
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Fig. 9 Experiment results (Sliding Mode Control based on super-twisting algorithm)
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